Introduction
Colorectal cancer (CRC) incidence and mortality rates have been well studied in developed and under developed countries. For example, an decreasing CRC incidence and mortality rate is identified in the United States and Europe (Jemal et al., 2009) , however, CRC is still a public health concern in most developed countries in compared to under developed countries (Sonnenberg et al., 2000) . Statistics shows an increasing trend in CRC incidence and mortality in Eastern Pacific Ocean, Middle East, African, and South American countries in recent decade, toward a similar pattern to that in the West (Sung et al., 2005) .
The etiology of geographic disparity in CRC incidence and mortality can be constellation of many factors including earlier diagnosis by high effectiveness screening program, improved access to health care, * to incidence ratio (MIR) is as a result of lower health system quality (Sunkara and Hébert, 2015) . One of the important indicators for level of social and economic progress in a given country is Human Development Index (HDI). HDI is summary measure of human development, which is a composite index of three basic dimensions of human development including education as mean years of schooling, health as life expectancy at birth, and living standards as gross national income per capita.
A high quality study found that HDI is important determinant in which cancers burden such as CRC is concentrated in different regions in worldwide (Bray et al., 2012) . Despite impact of human development on cancer incidence and mortality but in specific, there has been a scarcity of evidence examining how HDI related with colorectal cancer incidence and mortality, and how the relation varies by HDI components. So the objective of present study was exploration of association between HDI and colorectal incidence and mortality rate and it hypothesized that populations in low HDI regions would have a higher incidence and mortality rate in compared high HDI regions.
Materials and Methods
This is an ecologic study on the relation of the age-specific incidence and mortality rate (ASR) of colorectal cancer and the HDI.
Age-specific incidence rate estimate
The methods of estimation are country-specific. The quality of the estimation depends upon the quality and information available information for each country. The methods to estimate the sex-and age-specific incidence rates of cancer for a specific country fall into one of the following broad categories: (1) rates projected to 2012 (38 countries); (2) most recent rates applied to the 2012 population (20 countries); (3) estimated from national mortality by modelling, using incidence mortality ratios derived from recorded data in country-specific cancer registries (13 countries); (4) estimated from national mortality estimates by modelling, using incidence mortality ratios derived from recorded data in local cancer registries in neighboring countries (9 European countries); (5) estimated from national mortality estimates using modeled survival (32 countries); (6) estimated as the weighted average of the local rates (16 countries); (7) one cancer registry covering part of a country is used as representative of the country profile (11 countries); (8) age/sex-specific rates for "all cancers" were partitioned using data on relative frequency of different cancers (by age and sex) (12 countries); and (9) the rates are those of neighboring countries or registries in the same area (33 countries) (Parkin, 2006; Ferlay et al., 2015) .
Age-specific mortality rate estimate
Depending on the degree of detail and accuracy of the national mortality data, six methods have been utilized in the following order of priority: (1) rates projected to 2012 (69 countries); (2) most recent rates applied to the 2012 population (26 countries); (3) estimated as the weighted average of regional rates (1 country); (4) estimated from national incidence estimates by modelling, using country-specific survival (2 countries); (5) estimated from national incidence estimates using modelled survival (83 countries); and (6) the rates are those of neighboring countries or registries in the same area (3 countries) (Parkin, 2006; Ferlay et al., 2015) . Data about the ASR for 184 countries about incidence and mortality rate of colorectal cancer for the year 2012 is obtained from the global cancer project [available at http:// globocan.iarc. fr/Default.aspx]. GLOBOCAN also provided regional estimates for each continent.
HDI
Data about the HDI and other indices from 169 countries are obtained from the World Bank Report 2013 [available at http://databank.worldbank.org/data/reports. aspx]. HDI has several main components that include: life expectancy at birth, mean years of schooling, and gross national income (GNI) per capita; and also some ancillary indexes including: Percent of urbanization, and Age standardized obesity (defined as BMI>30) in adults (The weighted average of the age-specific obesity rate among adults ages 20 and older. We used the predefined categories of the distribution of HDI by country: low (HDI<0.5), medium (0.5≤HDI<0.8), high (0.8≤HDI<0.9), and very high (HDI≥0.9). Therefore, these countries categorized into: Very High Human Development (27 countries), High Human Development (37 countries), Medium Human Development (89 countries) and Low Human Development (16 countries) (Bray et al., 2012) . The analysis was restricted to 169 countries which both the epidemiologic data from the GLOBOCAN database and HDI were available.
Statistical analysis
Pearson coefficient was applied for assessment the correlation between HDI and CRC incidence and mortality. Analysis of variance was applied for comparisons of CRC incidence and mortality and HDI components across the categorized regions in the worlds by HDI. Linear regression models were constructed to measure the effect of HDI and its components on CRC incidence and mortality rates. Analysis was done by Stata software version 12 (StataCorp, College Station, TX, USA) by considering p-value<0.05. Table 1 shows crude rate and age-standardized rates of colorectal incidence and mortality according by HDI regions. The highest age-standardized incidence and mortality rate of colorectal cancer were seen in very developed regions. More specifically, in high or very high developed regions of the world, the highest value of life expectancy at birth, mean years of schooling, gross national income per capita and total HDI was estimated to be 80. The effect of income and education levels on the CRC mortality rate in our study were inconsistent with previous evidence derived individual studies so that they found educational achievements is negatively associated with CRC mortality rate (Albano et al., 2007; Menvielle et al., 2008) . In other hand, it has been proved that in high income countries CRC screening programs has been embedded in the health care systems while in other regions such as Middle East countries because of some reasons including cultural and religious barriers CRC screening programs have not implemented (Arafa and Farhat, 2014) .
Results
Given that cancer incidence estimate from developing nations more registered in GLOBOCAN, one could think that the positive association between HDI components and CRC incidence might be more plausible and generalize to under developed and developing countries so that it was supported by some evidence from under developed and developing countries (Graham et al., 2012) . In other hand, studies in developed countries found a contradict results, the CRC incidence increased with decreasing levels of neighborhood SES or educational achievement (Doubeni et al., 2012) .
Apart from socioeconomic indicators on CRC incidence, an important point that should be considered in the mind is in our study the incidence of rectal cancer and colon cancer has been aggregated as CRC. The effect of SES on rectal cancer and colon cancer might be different e.g. in one longitudinal study investigators found that the effect of SES on rectal cancer in compared to colon cancer is remarkable (Brooke et al., 2016) .
Using ecological datasets from GLOBOCAN and World Bank reports bring some limitation for our analysis. First, albeit national population registries embedded in GLOBOCAN dataset but they used information about cancer from smaller subnational areas or only major cities in developing nations, so GLOBOCAN data could not well generalize to all countries in the world. In other hand, it could not underline associations within countries in each HDI level regions, so our results might be followed by misinterpretation and fallacy. Second, forming a proxy for development by HDI data might be along with inherent limitations but HDI with including life expectancy measures, education indexes, gross national income and some additional components can provide a measure of development among countries and in following international comparisons of development. Third, specific associations HDI and its components on rectal cancer and colon cancer was not assessed. Finally, our results should be interpreted with caution because the ecological fallacy The correlation of determination between HDI and CRC incidence and mortality were =0.8, P<0.05 and =0.7, P<0.05 respectively, it means the 0.9 and 0.7 of CRC incidence and mortality variation can be explained by HDI. The effect of HDI and its components on CRC incidence and mortality are presented in detail in Table  2 . All HDI and its components positively and linearly associated with CRC incidence and mortality rates. Accordingly, increasing one unit of HDI as whole can increase the mean of CRC incidence and mortality rates by 57.1 and 18.3 respectively.
Discussion
Through application of global data, the present study demonstrated that CRC incidence and mortality more occurred in developed countries. HDI and its components associated positively with CRC incidence and mortality rates, moreover life expectancy at birth in compared other HDI components had strongest association with the CRC incidence and mortality.
Human Development Index (HDI) as a key socioeconomic determinant of health is composite of three main components including education, life expectancy, gross national income and additional factors such as urbanization level and age standardized obesity in adults. Several studies showed that some factors such as HDI components could affect the cancer incidence and mortality rates (Coughlin et al., 2007) . The positive association between HDI and CRC incidence in our study was in accordance with derived evidence by Bray et al (Bray et al., 2012) , who found that in medium HDI and high HDI regions an increasing trend for CRC incidence is occurred until 2008. They argued that as result of rapid societal and economic transition in medium HDI and high HDI regions registered decrease of cervical and stomach cancer might be along with increase of CRC incidence. Our finding as an extent prior knowledge shows significant effect measure of associations HDI and its components on the CRC incidence and mortality rates. Effect of HDI components on CRC incidence were important than CRC mortality. It might be explain by the fact that higher socioeconomic background such as income and access to knowledge foster better-informed decision and increase the health education and awareness of the risk factors for developing CRC, so people has been more motivated for participation in primary care and screening programs and the chance of CRC detection will increased (Chen et al., 2010; Crookes et al., 2014; Tavassoli et al., 2014 is major limitation in ecological study. In summary, based on our analysis the CRC incidence and mortality rates seem to be more concentrated in developed regions. HDI and its components positively related to CRC incidence and mortality.
